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[0006] Hitherto, in order to carry out dry etching of a 
layer of silicon compound, for example, silicon oxide, while 
a high selection ratio with respect to the silicon-based 
material layer is maintained, etching gases, for example, 
CHF3, CF4/H2 mixture system, CF4/O2 mixture system, C2F6/CHF4 
mixture system, have been used. Each of these is primarily 
based on a f luorocarbon-based gas having a C/F ratio (ratio 
of the number of carbon atoms to the number of fluorine 
atoms in a molecule) of 0.25 or more. These gas systems are 
used for the reasons that, (a) C contained in the 
f luorocarbon-based gas serves to form the C-O bond on the 
surface of a silicon oxide layer and to cleave or weaken the 
Si-O bond, (b) CF^^ (especially CF3"*"), which is a primary 
etching agent with respective to a silicon oxide layer, can 
be formed, (c) since a relatively carbon-rich state is 
brought about in plasma, oxygen in silicon oxide is removed 
in the form of CO or CO2/ while carbon-based polymers are 
deposited on the surface of the silicon-based material layer 
due to contribution of C, H, F, etc., contained in the gas 
systems, and therefore, an etching rate is reduced so as to 
achieve a high selection ratio with respect to the silicon- 
based material layer, and the like. 

[0007] The aforementioned additional gases, for example, H2 



and are used for the purpose of controlling the 

selection ratio, and these can reduce or increase the amount 
of generation of F*, respectively. That is, these have an 
effect of controlling the apparent C/F ratio in an etching 
reaction system. 

[0008] On the other hand, the applicant of the present 
invention previously suggested a method for the dry etching 
of a silicon compound layer, in which saturated or 
unsaturated chain higher-order f luorocarbon-based gases 
having a carbon number of at least 2 were used, in the 
specifications of Japanese Patent Application No. 2-75828. 
This was intended to efficiently generate CF^* and to 
increase the etching rate by the use of higher-order 
f luorocarbon-based gases, for example, C2F6, C3F8/ C^Fiq, and 
C4F6. However, when the higher-order f luorocarbon-based gas 
is used alone, a selection ratio with respect to a resist 
and a selection ratio with respect to a silicon substrate 
cannot be sufficiently increased. For example, when a 
silicon oxide layer on a silicon substrate is etched with 
C3Fg as an etching gas, although high-rate property can be 
achieved, the selection ratio with respect to a resist is 
low as about 1.3, so that etching resistance falls short, 
and in addition to this, difference in dimension transfer is 
brought about due to recession of the pattern edge. 
Furthermore, since the selection ratio with respect to 
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silicon is about 4,1 as well, a problem of overetching 
resistance remains. In order to overcome these problems, 
regarding the aforementioned prior art, two-stage etching 
has been carried out, in which the etching with the chain 
higher-order fluorocarbon gas alone is stopped immediately 
before the substrate is exposed, and when the remaining 
potion of the silicon compound layer is etched, a 
hydrocarbon-based gas is further added to the aforementioned 
gas in order to accelerate deposition of carbon-based 
polymers . 

[0009] When the design rule of semiconductor apparatuses 
becomes finer, the difference in dimension transfer from the 
etching mask is hardly tolerated, and even when the 
aforementioned two-stage etching is carried out, it becomes 
necessary to further improve the selection ratio during the 
first stage etching. Since effects of pollution by 
particles of the carbon-based polymers may be brought about 
as the design rule becomes more and more finer, the usage of 
the gases, for example, hydrocarbon-based gases, which have 
deposition property, must be minimized during the second 
stage etching. 

[0010] Accordingly, the applicant of the present invention 
previously disclosed a technique for etching the silicon 
compound layer, in which a chain unsaturated f luorocarbon- 
based gas having at least one unsaturated bond in a molecule 
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is used while a temperature of the substrate to be treated 
is controlled at 50*^0 or less, in the specifications of 
Japanese Patent Application No. 2-295225. Since the 
aforementioned chain unsaturated f luorocarbon-based gas 
theoretically generates at least two CF^* per molecule due to 
discharge dissociation, silicon oxide can be etched at a 
high rate. Furthermore, since unsaturated bonds are 
included in the molecule, highly active radicals are likely 
to be generated due to the dissociation, and polymerization 
of the carbon-based polymer is accelerated. In addition, 
since the temperature of the substrate to be treated is 
controlled at 50*^0 or less, deposition of the aforementioned 
carbon-based polymer is accelerated. Therefore, the 
selectivity with respect to the resist and the selectivity 
with respect to the silicon substrate can be improved. 
[0011] In the aforementioned specifications, a technique, 
in which the etching with the chain unsaturated 
f luorocarbon-based gas alone is stopped at some midpoint of 
the silicon compound layer, and the remaining etching is 
carried out by the use of the aforementioned chain 
unsaturated f luorocarbon-based gas including a hydrocarbon- 
based gas added thereto, is disclosed simultaneously. 
Regarding this, in order to further improve the selectivity 
with respect to substrate silicon, a gas having deposition 
property is used concurrently during the latter part of the 
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etching. 

[0012] A technique/ in which silicon oxide is etched with a 
mixed gas of hexaf luorobenzene (CgFg) and tetraf luoromethane 
(CF4), has been disclosed in Japanese Examined Patent 
Application Publication No. 1-60938. This is to efficiently 
generate CF^* in plasma by the use of a cyclic unsaturated 
higher-order f luorocarbon-based gas and to accelerate 
polymerization of the carbon-based polymer. 
[0013] 

[Problems to be Solved by the Invention] As is also clear 
from the above description, in order to achieve a sufficient 
selection ratio, the hitherto suggested technique using the 
chain unsaturated f luorocarbon-based gases or cyclic 
unsaturated f luorocarbon-based gases must be concurrently 
used with the other additional gases in practice. 
[0014] According to the technique using CgFg, as is also 
described in the specifications disclosing it, the etching 
gas cannot be composed of CgF^ alone. This is because 
remarkably large amounts of CF^* are generated by the use of 
CgFg alone, and polymerization of the carbon-based polymer is 
excessively accelerated, so that the etching reaction does 
not proceed. Consequently, in order to prevent the 
generation of CF^*/ CF4 having the lowest C/F ratio among the 
f luorocarbon-based gases is mixed. 

[0015] Therefore, even when the cyclic higher-order 
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f luorocarbon-based gases are used, it is advantageous to 
choose a compound which can be used alone from the viewpoint 
of improving controllability and stability of etching. 
[0016] Accordingly, it is an object of the present 
invention to provide a new dry etching method having 
superior high-rate property, selectivity with respect to a 
substrate, selectivity with respect to a resist, low 
pollution property, and low damage property based on the 
research regarding the cyclic higher-order f luorocarbon- 
based gases as the dry etching gas for the silicon compound 
layer. 
[0017] 

[Means for Solving the Problems] A dry etching method 
according to the present invention is suggested in order to 
achieve the aforementioned object, in which etching of a 
silicon compound layer formed on a substrate is carried out 
by the use of an etching gas including a saturated 
f luorocarbon-based compound having a cyclic portion in at 
least a part of molecular structure while a temperature of 
the substrate to be etched is controlled at 5Q°C or less. 
[0018] Furtheirmore, in the present invention, etching of a 
silicon compound layer formed on a substrate is carried out 
by the use of an etching gas including an unsaturated 
f luorocarbon-based compound having a cyclic portion in at 
least a part of the molecular structure while a temperature 



of the substrate to be etched is controlled at SC'C or less. 
[0019] In the following description, when the 
aforementioned saturated or unsaturated f luorocarbon-based 
compound is represented by using a general formula, it is 
prefixed with c-, that denotes cyclic, in order to avoid 
confusion with a chain unsaturated f luorocarbon-based 
compound . 

[0020] The saturated f luorocarbon-based compounds used in 

the present invention is represented by the general formula 

c-CnF2n (wherein n denotes an integer of 3 or more.)/ ^^d the 

typical examples thereof include, for example, monocyclic 

compounds shown in the following Formula 1 . 

[0021] 

[ Formula 1 ] 

(1) 



(2) 



(3) 
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(4) 



(5) 



Herein^ in each of the structural formulae^ a carbon ring 
with a letter F at the center thereof indicates that 
fluorine atoms substituted for all hydrogen atoms of the 
hydrocarbons having the same carbon skeleton. Hereafter, 
this notation is adopted in the description. 
[0022] Although each of compounds having 3-membered to 7- 
menbered rings is shown as an example in Formula 1, any 
compounds having carbon rings larger than those in the above 
description may be used as long as such a compound can be 
produced technically and can be exist stably. 
[0023] Examples of the constitutional isomers of the 
aforementioned monocyclic compounds include, for example, 
compounds having perf luoroalkyl groups in the side chains 
thereof, as shown in the following Formula 2, as well. 
[0024] 
[Formula 2] 
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(1) 



(2) 



(3) 



In Formula 2, the cases where the side chains are 
trif luoromethyl groups are shown as examples. Since each of 
these is liquid at ambient temperature and at atmospheric 
pressure, heating, bubbling by the use of an inert gas, or 
the like must be carried out in order to introduce it into 
the etching reaction system. 

[0025] The unsaturated f luorocarbon-based compounds used in 
the present invention are represented by the general formula 
c-C^Fy (wherein n denotes an integer of 3 or more, and a 
condition y ^ 2n - 2 is satisfied.), and the typical 
examples thereof include, for example, monocyclic compounds 
shown in the following Formula 3 . 
[0026] 
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[Formula 3] 
(1) 



(2) 



(3) 



(4) 



Although each of compounds c-CnF2n-2 having 3-membered to 6- 
menbered rings having one double bond in the carbon ring is 
shown as an example in Formula 3 , any compounds having 
carbon rings larger than those in the above description may 
be used as long as such a compound can be produced 
technically and can be exist stably. Furthermore, the 
number of unsaturated bonds in the carbon ring is not 
limited to be one. However, in consideration that the 
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etching gas cannot be composed of CgFg (C/F ratio = 1) alone 
as described above, it is not desirable that excessive 
unsaturated bonds are present in the molecule, and the C/F 
ratio is remarkably increased. Therefore, the C/F ratio is 
desirably less than 1 in practice. It is believed that 
examples of the constitutional isomers of the aforementioned 
unsaturated f luorocarbon-based compounds include, for 
example, those in which perf luoroalkyl groups are bonded to 
the aforementioned unsaturated rings, those in which 
unsaturated chains, e.g., perf luorovinyl groups, are bonded 
to the unsaturated rings, and those in which unsaturated 
chains, e.g., perf luorovinyl groups, are bonded to the 
saturated rings. 

[0027] In the present invention, c-CnF2n ^""^n^y 
used by mixing with each other, or by appropriately mixing 
with other gases depending on purposes. The etching process 
may be divided into a plurality of steps, and different gas 
systems may be used in each of the steps. 

[0028] For example, regarding the C/F ratio, c-CnF2n has an 
advantage in achieving a high-rate property compared to c- 
CjjFy, and conversely, c-C^^Fy has an advantage in achieving a 
high selectivity compared to c-CnF2n* Therefore, processes, 
for example, (a) low temperature etching with a mixed gas 
system in which small amounts of c-C^Fy is added to c-CnF2n/ 
or (b) two-stage etching, in which etching of the silicon 
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compound layer is carried out with single gas system of c- 
CnF2nn ^ high rate until immediately before the substrate 
is exposed, and etching and overetching of the remaining 
portion of the silicon-based compound are carried out with a 
mixed gas system of c-CnF2n and c-C^Fy at a high selection 
ratio, are adopted. 

[0029] Alternatively, (c) a process, in which regarding the 
aforementioned (b) two-stage etching, the latter half of the 
etching is carried out with a mixed gas system of c-Cj^F2n 
a gas having deposition property, etc., can also be adopted. 
[0030] Since, each of c-CnF2n and c-Cj^Fy reduces a etching 
rate compared to straight-chain saturated f luorocarbon-based 
compounds CnF2n+2' is possible to use CnF2n+2 as a primary 
component of an etching gas, and use G-CnF2n or c-C^Fy as an 
additional gas thereof. Examples of this include processes, 
for example, (d) low temperature etching with a mixed gas of 
CnF2n+2 and €^¥2^ or c-C^Fy, and (e) two-stage etching, in 
which etching of the silicon compound layer is carried out 
with single gas system of c-CnF2n+2 at a high rate until 
immediately before the substrate is exposed, and etching and 
overetching of the remaining portion of the silicon-based 
compound are carried out with a mixed gas system of c-CnF2n+2 
and c-CnF2n or c-C^Fy at a high selection ratio. 
[0031] 

[Operation] The etching gases used in the present invention 
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include saturated or unsaturated f luorocarbon-based 
compounds having a cyclic portion in at least a part of the 
molecular structure. Since these gases have a carbon number 
of 3 or more in a molecule, the amount of CF^^ generated per 
molecule is increased, and is equivalent to or more than 
those of the higher-order fluorocarbon gases previously- 
suggested by the applicant of the present invention. 
Therefore, the etching rate can be increased. When these 
gases are dissociated by plasma discharge, monoradicals or 
sometimes highly active biradicals, for example, carbene, 
are also generated, and these attack the jc-electron system 
in the unsaturated bond, so as to accelerate polymerization 
of the carbon-based polymer. When this carbon-based polymer 
deposits on the surface of a layer of silicon-based material 
for example, single crystal silicon and polycrystalline 
silicon, or on the surface of a resist pattern, it cannot be 
removed with ease even by ion impact, etc. However, it can 
be removed with ease from the surface of a layer of silicon 
compound, for example, silicon oxide, because oxygen 
contained in the layer is sputtered out so as to contribute 
to decomposition of the carbon-based polymer. Therefore, 
when the deposition of the carbon-based polymer is increased 
the selectivity with respect to the resist and the 
selectivity with respect to the silicon substrate are 
improved . 
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[0032] Herein, when the C/F ratio is excessively small, the 
selection ratio with respect to the substrate and the 
selection ratio with respect to the resist is reduced due to 
excess F*. Hitherto, in order to increase the C/F ratio in 
the etching reaction system, H2/ gases having deposition 
property, etc., have been added- The present invention 
intends to increase the C/F ratio by the use of 
f luorocarbon-based gases having carbon skeletons different 
from conventional ones as the etching gas without concurrent 
use of specific additional gases. 

[0033] That is, the saturated f luorocarbon-based compound 
c-Cj^F2n having a cyclic portion in a part of the molecular 
structure used in the present invention has the number of 
fluorine atoms per molecule two atoms less than that in the 
straight -chain saturated f luorocarbon-based compound CnF2n+2 
having the same number of carbon atoms. The unsaturated 
f luorocarbon-based compound c-C^Fy (y ^ 2n - 2) having a 
cyclic portion in a part of the molecular structure used in 
the present invention has the number of fluorine atoms per 
molecule at least four atoms less than that in the straight- 
chain saturated f luorocarbon-based compound CnF2n+2 having 
the same number of carbon atoms. 

[0034] Therefore, the C/F ratio in the etching reaction 
system can be reduced compared to conventional values 
without concurrent use of specific additional gases. 
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[0035] The saturated f luorocarbon-based compound c-CnF2n 
used in the present invention is represented by the same 
general formula with that of the compound having one double 
bond in the molecule among the chain f luorocarbon-based 
compounds previously suggested by the inventor of the 
present invention in the specifications of Japanese Patent 
Application No. 2-295225. Therefore, it is not wholly clear 
whether any significant difference exists between the C/F 
ratio increasing effects of these two compounds. However, 
significant difference exists regarding the state of the 
dissociation in plasma, the molecular structure of the 
polymer deposited on the surface of the substrate to be 
etched, temperature dependency of the selectivity, and the 
state of occurrence of damage to the substrate. 
[0036] Furthermore, in the present invention, the 
temperature of the substrate to be etched is controlled at 
SO^'C or less during the etching. This temperature control 
may be carried out in the range of room temperature or in 
the temperature range of 0°C or less as in the low 
temperature etching which has attracted attention in the 
field of the dry etching in recent years. Usually, the 
temperature of the substrate to be etched is raised to about 
200*'C in the absence of intentional cooling during dry 
etching. When the temperature is controlled at 50*^0 or less, 
even if gases having deposition property, for example. 
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hydrocarbon-based gases, are not used, or the usage thereof 
is extremely reduced, the carbon-based polymer can be 
efficiently deposited due to reduction of the vapor pressure 
and, therefore, the selectivity can be improved as described 
above. Accompanying this, since the addition amount of the 
gas having deposition property can be reduced, the 
possibility of pollution by particles can also be reduced, 
[0037] In particular, when the low temperature etching is 
carried out at O^'C or less by cooling, improvement of the 
selectivity becomes further remarkable • Since the etching 
of the resist material or silicon-based material proceeds 
primarily based on the chemical reaction by F* (fluorine 
radical), when the temperature of the reaction system is 
lowered and the motions of radicals are suppressed, the 
etching rate is also reduced. On the other hand, since the 
etching of the layer of the silicon compound, for example, 
silicon oxide, physically proceeds primarily based on the 
sputtering by ions, reduction in the etching rate due to 
cooling is not so remarkable compared to those of the resist 
material and silicon-based material. Therefore, further 
improvement of the selectivity is expected in the low 
temperature range. 
[0038] 

[Examples] Specific examples according to the present 
invention will be described below. Herein, a process using 
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c-CijF2n or c-C^Fy alone is described in Example 1 to Example 
3, a process using c-CnF2n and c-C^Fy in combination is 
described in Example A, a process using c-CnF2n and a gas 
having deposition property in combination is described in 
Example 5^ and a process using CjjF2n+2' which is a chain 
saturated f luorocarbon^ in combination with c-Cj^F2n or c-C^Fy 
is described in Example 6 to Example 8. 
[0039] Example 1 

The present example is an example in which a first invention 
of the present invention is applied to processing of a 
contact hole, and an interlayer insulating film made of 
silicon oxide is etched by the use of C4F8 

(octaf luorocyclobutane, also known as Flon C318, C/F ratio = 
0.5) represented by the aforementioned Formula 1(2). This 
process is described with reference to Figs. 1(a) and (b). 
[0040] As shown in Fig. 1(a)/ a substrate to be etched 
(wafer) was prepared, and in the wafer, an interlayer 
insulating film 3 was formed on a single crystal silicon 
substrate 1, on which an dLmpurity diffusion layer 2 had been 
formed, and f urtheinnore, a resist pattern 4 was formed as an 
etching mask of the interlayer insulating film 3. In the 
aforementioned resist pattern, an opening portion 4a was 
formed by predetermined patterning. Subsequently, the 
aforementioned wafer was set on a wafer setting electrode of 
a magnetron RIE (reactive ion etching) apparatus as an 
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example. Herein, the aforementioned wafer setting electrode 
has a built-in cooling conduit, and the wafer temperature 
can be controlled at SO^'C or less during etching by 
circulating a refrigerant supplied into the cooling conduit 
from a cooling device, for example, a chiller connected to 
the outside of the apparatus. Herein, ethanol was used as 
the refrigerant. Etching was carried out under the 
conditions of a C4F8 flow rate of 46 SCCM, a gas pressure of 
2 Pa, a RF power density of 2-2 W/cm^, a magnetic field 
strength of 150 Gauss, and a wafer temperature of O^C. 
Herein, although there is a slight difference in the 
physical properties of C4F8 among reference literatures, it 
is a compound, which is gaseous at ambient temperature, 
having a melting point of about -40*'C and a boiling point of 
about -6°C. 

[0041] During the aforementioned etching, the etching of 
the interlayer insulating film 3 proceeds according to the 
mechanism primarily based on the ion-assisted reaction due 
to CFx* generated in plasma by discharge dissociation of C4F8. 
At this time, carbon-based polymers (not shown in the 
drawing) efficiently deposited on the surface of the resist 
pattern 4. However, on the surface of the interlayer 
insulating film 3 exposed in the aforementioned opening 
portion 4a, accompanying removal of the interlayer 
insulating film 3 by etching, the carbon-based polymers were 
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also removed. As a result^ even though a gas having 
deposition property, for example, hydrocarbon-based gas, was 
not added to the gas system, a contact hole 5 having an 
excellent anisotropic shape, as shown in Fig. 1(b), could be 
formed at a high rate. In this process, the etching rate of 
the interlayer insulating film was 701 nm/min, the selection 
ratio with respect to the resist was 3.5, and the selection 
ratio with respect to silicon was 7.2. 
[0042] Herein, for comparison purposes, C3F3 
(octaf luoropropane, C/F ratio = 0.375) was chosen as a chain 
saturated f luorocarbon-based compound having the same number 
of fluorine atoms with the aforementioned C4F8. Thereafter, 
etching of the interlayer insulating film was carried out by 
the use of this under the same conditions with those in the 
above description. As a result, the etching rate was 734 
nm/min, the selection ratio with respect to the resist was 
1.5, and the selection ratio with respect to silicon was 3.9. 
[0043] When comparisons are made between the results of 
etching by the use of C4F8 and C3F8/ C4F8 is remarkably 
superior regarding the selection ratio with respect to the 
resist and the selection ratio with respect to the silicon. 
This is because C4F8 has a C/F ratio larger than that of C3F8, 
and therefore, generation of excess F*, which causes 
reduction in the selection ratio, is suppressed. On the 
other hand, C4F8 is slightly inferior to C3F8 regarding the 
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etching rate. This is because when C4Fg is used, the amount 
of deposition of the carbon-based polymer is larger and, 
therefore, the removal of the carbon-based polymer by 
sputtering goes into competition with the etching. However, 
since the selectivity is improved remarkably while the 
etching rate is reduced slightly, the use of cyclic 
saturated f luorocarbon-based compounds has an advantage in 
practice. 
[0044] Example 2 

The present example is an example in which a second 
invention of the present invention is applied to processing 
of a contact hole, and an interlayer insulating film made of 
silicon oxide was etched by the use of C4F6 

(hexaf luorocyclobutene, also known as Flon C1316, C/F ratio 
= 0.67) represented by the aforementioned Formula 3(2). 
[0045] A wafer similar to that in the aforementioned 
Example 1 was set on a magnetron RIE apparatus. Etching was 
carried out under the conditions of a C^F^ flow rate of 50 
SCCM, a gas pressure of 2 Pa, a RF power density of 1.5 
W/cm , a magnetic field strength of 150 Gauss, and a wafer 
temperature of C^C. Herein, although there is a slight 
difference in the physical properties of C4F6 among reference 
literatures, it is a compound, which is gaseous at ambient 
temperature, having a melting point of about -60*^0 and a 
boiling point of 5°C to S^'C. 
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[0046] By this etching, a contact hole having an excellent 
anisotropic shape could also be formed. At this time, the 
selection ratio with respect to the resist was about 4, and 
the selection ratio with respect to silicon was about 12, 
each of which was further improved compared to that in the 
case where C4F8 was used (refer to Example 1). This is 
because since C4F8 has one double bond in the molecule, the 
C/F ratio was further increased, and deposition of the 
carbon-based polymer was accelerated. 
[0047] Example 3 

The present example is an example in which the second 
invention of the present invention is applied to processing 
of a contact hole, and an interlayer insulating film made of 
silicon oxide is etched by the use of C5F8 

(octaf luorocyclopentene, also known as Flon 1418, C/F ratio 
= 0.625) represented by the aforementioned Formula 3(3). 
[0048] A wafer similar to that in the aforementioned 
Example 1 was set on a magnetron RIE apparatus. Etching was 
carried out under the conditions of a C5F8 flow rate of 50 

2 

sec, a gas pressure of 2 P, a RF power density of 1.5 W/cm , 
a magnetic field strength of 150 Gauss, and a wafer 
temperature of 0°C. Herein, although there is a big 
difference in the physical properties of C^Fq among reference 
literatures, it is a compound, which is gaseous at ambient 
temperature, having a melting point of about -4 0''C and a 
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boiling point of about e^'C. 

[0049] By this etching as well, a contact hole having an 
excellent anisotropic shape could be formed. At this time, 
the etching rate was increased compared to that in the case 
where C4F6 was used (refer to Example 2). This is associated 
with that C5F8 has a C/F ratio lower than that of C4Fg. 
[0050] In each of the aforementioned Example 1 to Example 3, 
the example of etching by the use of the single gas system 
has been described. Since any gas having deposition 
property is not added to these gas systems, and the particle 
level is not degraded even after a number of wafers are 
treated in a wafer-by -wafer etching device, the yield in the 
device can be improved, and the time required for 
maintenance of the device can be reduced significantly. 
[0051] Example 4 

The present example is an application example of the first 
invention and the second invention of the present invention, 
in which an interlay er insulating film was treated by the 
use of C4F8/ until immediately before a substrate was exposed, 
and thereafter, etching and overetching of the remaining 
portion of the interlayer insulating film was carried out by 
the use of a mixed gas of C4F8 and C4F5. This process is 
described with reference to Fig. 2 in addition to the 
aforementioned Figs. 1(a) and (b). 

[0052] A wafer shown in Fig. 1(a) was set on a magnetron 
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RIE apparatus. E1:ching of an interlayer insulating film 3 
was carried out under the conditions of a C4F8 flow rate of 
50 SCCM, a gas pressure of 2 Pa, a RF power density of 2.0 
W/cm^, and a wafer temperature of 20''C until immediately 
before a single crystal silicon substrate 1, to be precise, 
an impurity diffusion layer 2, was exposed. At this time, 
the etching end point was determined to be the point at 
which the intensity of the CO* emission spectrum at 483.5 nm 
began to decrease. As a result of the first stage etching, 
the wafer was brought about in the state, as shown in Fig. 2, 
in which a contact hole 5 was formed halfway, and a 
remaining portion 3a of the interlayer insulating film 3 was 
left at the bottom of the contact hole 5. 
[0053] Subsequently, etching and overetching of the 
aforementioned remaining portion 3a was carried out under 
the conditions of a C4F8 flow rate of 40 SCCM, a C4F6 flow 
rate of 10 SCCM, a RF power density of 1.0 W/cm^, and a 
wafer temperature of 20''C. As a result of the second stage 
etching, the contact hole 5 having an excellent anisotropic 
shape could be formed without damaging the impurity 
diffusion layer 2, which is a substrate, as shown in the 
aforementioned Fig . 1(b). 

[0054] The aforementioned process is based on the concept 
that the first stage etching is carried out at somewhat high 
rate, and in the second stage etching, the selection ratio 
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with respect to the substrate is increased by adding a gas 
having a high C/F ratio to reduce the RF power density and, 
therefore, to reduce the incident ionic energy. 
Consequently, high anisotropy and high selectivity could be 
achieved even though the wafer cooling to O'^C or less was 
not performed. 
[0055] Example 5 

The present example is an application example of the first 
invention of the present invention, in which two-stage 
etching similar to that in Example 4 was carried out, and 
processing of contact hole was performed by the use of C4F8 
in the first stage etching and by the use of a mixed gas of 
C4F8 and C2H4 in the second stage etching. 

[0056] The etching conditions during the first stage were a 
C4F8 flow rate of 50 SCCM, a gas pressure of 2 Pa, a RF power 
density of 2.0 W/cm^, and a wafer temperature of 20°C. The 
etching conditions during the second stage were a C4F8 flow 
rate of 46 SCCM, a C2H4 flow rate of 4 SCCM, a RF power 
density of 1.0 W/cm , and a wafer temperature of 20*'C. 
[0057] Herein, C2H4 added in the second stage etching, has 
an effect of generating H* by discharge decomposition so as 
to capture excess F* and to increase the C/F ratio in the 
etching reaction system, in addition to C2H4 itself being a 
gas having deposition property. According to the present 
Example, high anisotropy, high selectivity, and low damage 
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property could also be achieved. 
[0058] Example 6 

The present example is an application example of the first 
invention of the present invention, and the etching gas was 
primarily based on C3F8 which is a chain saturated 
f luorocarbon. Low temperature etching was carried out by 
the use of a mixed gas, in which C4F8 was added to the 
aforementioned etching gas, and a contact hole was formed. 
[0059] The etching conditions were a C3F8 flow rate of 30 
SCCM, a C4F8 flow rate of 2 0 SCCM, a gas pressure of 2 Pa, a 
RF power density of 1.5 W/cm^, and a wafer temperature of 
-30°C. 

[0060] In this process, emphasis was placed on the high- 
rate property and, therefore, the gas composition was 
primarily based on C3F8 having relatively lower C/F ratio, 
while in order to achieve the high selectivity and low 
damage property, C4F8 having relatively higher C/F ratio was 
added, and the wafer was cooled to a low temperature. 
According to the present Example, high-rate property, high 
anisotropy, high selectivity, and low damage property could 
be achieved. 
[0061] Example 7 

The present example is an application example of the first 
invention of the present invention, and the etching gas was 
primarily based on C3F8 in a manner similar to that in 
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Example 6, Low temperature etching was carried out by the 
use of a mixed gas, in which C7F14 (refer to Formula 1(5)) 
was added to the aforementioned etching gas, and a contact 
hole was formed. The etching conditions were a C3F8 flow 
rate of 45 SCCM, a C7F3^4 flow rate of 5 SCCM, a gas pressure 
of 2 Pa, a RF power density of 1.5 W/cm , and a wafer 
temperature of -30*^0. According to the present Example, 
high-rate property, high anisotropy, high selectivity, and 
low damage property could be achieved. 
[0062] Example 8 

The present example is an application example of the second 
invention of the present invention, and the etching gas was 
primarily based on C3F8 in a manner similar to that in 
Example 6. Low temperature etching was carried out by the 
use of a mixed gas, in which C4F6 was added to the 
aforementioned etching gas, and processing of a contact hole 
was formed. The etching conditions were a C3F8 flow rate of 
25 SCCM, a C4F6 flow rate of 25 SCCM, a gas pressure of 2 Pa, 
a RF power density of 1.5 W/cm^, and a wafer temperature of 
-SC'C. According to the present Example, high-rate property, 
high anisotropy, high selectivity, and low damage property 
could be achieved. 

[0063] Although, the present invention was described above 
using eight Examples, the present invention is not limited 
to these Examples. In the aforementioned gas systems, H2, O2 
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gaS/ or the like may be further added in order to control 
the etching rate. Furthermore, rare gases, for example. He 
and hXf may be appropriately added in order to achieve a 
sputtering effect, dilution effect, cooling effect, etc. 
[0064] In addition, the material layer to be etched is not 
limited to the aforementioned silicon oxide, and it may be 
PSG, BSG, BPSG, AsSG, AsPCG, AsBSG, SiN, or the like. 
[0065] 

[Advantages] As is clear from the above description, 
according to the present invention, high-rate etching 
becomes possible by the use of saturated or unsaturated 
f luorocarbon-based compounds having a cyclic portion in a 
part of the molecular structure. Furthermore, the compound 
has somewhat larger C/F ratio due to the carbon skeleton of 
the compound itself and, therefore, a high selection ratio 
can be achieved basically without the use of an additional 
gas for increasing the C/F ratio. Therefore, control of the 
etching reaction, maintenance of the etching device, and the 
like become very easier. According to the present invention, 
since the temperature of the substrate to be etched is 
controlled at 50°C or less, high anisotropy and low damage 
property could be achieved as well. 
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25SCCM. ;^;^/±2Pa. RF/<7— ^j^l. 5W 

[0 0 6 3] i^ii. ^mm^s-:>(Dnmm^mfxtiim 
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[^m(D^^] i;i±(Dt^mf)-^'bmht}^^j:Xoi,z^ 
mxi:i.'7^^mm<D-mzm^^^^T^m^m l < 

«9 ^6m;$^§i/^c/Ftt€:^-r5 t,<r>x^ 
40 ^mm^-mibx^^t'^j:^. L^^t. ^^^nxit. 

•y^:^^S-EraJ!£;i^ 5 0°Cu:XT{zmm^in^<nX\ 

e^^->?t4t,W-ti:Til/«$ix^o 

~no o^~6 6 ] Lr-;5>oT, /^^gri^fiiiittHg, iiifeia/f^ 
6 ^^^ft^^go fig 46 r {T'^cfj T- ^ 6 . 
(l2f|[fii(/:)fffi^/j:lftWl 

(III I ] ^%iyi^r=»>^ ^ h • i--/u;jnr{::ifi/tl Ufc- 
f5i| ^ <7) XSJ^l { w L /)'^ o r 11/ 1 i * 5 {tftB&irrOu HI "C- ^ 

(a) il/Siill*fci^fi!^±{wUv^x h w<^-v;dWf^/« 
SK/^i^S. (b) {l=i>y I— .1^— /u/J^if^/sJc^iT-^ 
50 ^X^S^r^n-e'i-L^i'o 
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